Aims Left atrial (LA) stunning, the transient impairment of LA function, is responsible for an increased thrombo-embolic risk after cardioversion of atrial fibrillation (AF). Angiotensin receptor blockers (ARBs) attenuate atrial remodelling in AF and could theoretically influence LA stunning. We studied the effect of Irbesartan on LA stunning. Methods and results We prospectively assigned 50 patients from the outpatient clinic undergoing electrical cardioversion for AF with duration of .4 weeks, into two matched groups: 25 patients were treated with Irbesartan (228 + 93 mg/day) for at least 2 weeks prior to cardioversion (Irbesartan group); 25 patients did not receive ARBs (control group). The groups did not differ concerning age (64 + 13 vs. 63 + 13 years, respectively), AF duration (20 + 18 vs. 20 + 19 weeks), underlying disease, LA diameter (46+7 vs. 47 + 9 mm), left ventricular dimensions, and ejection fraction (47.7 + 11.6 vs. 49.7 + 14.5%). We assessed LA appendage emptying velocities (LAAEV) and LA spontaneous echo contrast (LASEC) by transoesophageal echocardiography before and after cardioversion and at 2 weeks, and the A-wave by transthoracic echocardiography after cardioversion, at 2 and at 4 weeks. LA stunning was significantly attenuated in the Irbesartan group. The reduction of LAAEV immediately after cardioversion was significantly less in the Irbesartan group (LAAEV reduction of 9 + 49% from 28 + 9 cm/s before cardioversion to 25 + 13 cm/s immediately afterwards) than in the control group (reduction of 48 + 20% from 34 + 15 cm/s before cardioversion to 16 + 6 cm/s afterwards) (P ¼ 0.048). New or increased LASEC occurred in eight patients (32%) in the Irbesartan vs. 16 patients (64%) in the control group (P ¼ 0.046). Conclusion Irbesartan significantly attenuates LA stunning after electrical cardioversion of AF. Therefore, ARBs may represent an important pharmacological supplementation in patients being prepared for cardioversion.
Introduction
Left atrial (LA) stunning is the transient impairment of LA and LA appendage (LAA) mechanical function after successful cardioversion of atrial fibrillation (AF). [1] [2] [3] [4] This dysfunction may last up to few weeks, is observed after all methods of cardioversion, and is considered to be responsible for the increased incidence of thrombus formation and embolic events after cardioversion, despite restoration of sinus rhythm. 1, 2, [4] [5] [6] [7] Thus, attenuation of atrial stunning by pharmacological agents would have substantial clinical importance, as it would decrease the thrombo-embolic risk after cardioversion. Until now, only few agents have been studied in this regard in humans. [8] [9] [10] [11] The results have not led to the recommendation of the routine use of any medication for protection against the phenomenon of stunning.
Recent studies demonstrated an important role of the renin-angiotensin system (RAS) in AF. During AF, an electrical and structural remodelling of the atria takes place. [12] [13] [14] Angiotensin II receptor blockers (ARBs) have been found to significantly attenuate these changes. [15] [16] [17] Thus, these agents could theoretically also affect atrial stunning.
In the present study, we tested the hypothesis that pretreatment with the ARB Irbesartan attenuates LA stunning observed after electrical cardioversion of AF.
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Methods

Study population
We included patients from the oupatient clinic undergoing elective electrical cardioversion of AF with a duration of .4 weeks. AF was defined by the characteristic surface ECG appearance. Duration of AF was defined as the time from the first ECG documentation of the arrhythmia to the time of cardioversion. All patients had at least two 12-lead ECGs in this time period demonstrating AF with no documentation of sinus rhythm.
The design of the study was a non-randomized clinical trial. The patient flow through the selection and recruitment process is given in Figure 1 . Patients were prospectively assigned into two groups matched for age +5 years and duration of AF +3 weeks. The first group was treated with Irbesartan for at least 2 weeks prior to cardioversion (Irbesartan group). The target dose of Irbesartan was 300 mg/day and could be reduced to 150 or 75 mg/day in case of hypotensive response. The resulting average dose was 228 + 93 mg/day. The second group did not receive any ARBs (control group). As shown in Figure 1 , a total of 50 patients were finally analysed: 25 patients in the Irbesartan group and 25 patients in the control group. Patients were not blinded to the treatment they were given. As shown in Table 1 , the two groups did not differ regarding patient characteristics, including the factors known to influence severity and duration of atrial stunning: 4 age, gender, underlying heart disease, AF duration, LA diameter, left ventricular (LV) dimensions, and LV function.
None of the study patients was receiving ACE-inhibitors. Cardiac medication of the patients is given in Table 2 and did not differ in the two groups.
The study complied with the Declaration of Helsinki and was approved by the local Ethics Committee, informed consent was obtained from all patients.
Echocardiographic examination
Serial changes in LA and LAA function were assessed by transoesophageal echocardiography (TEE) and transthoracic echocardiography (TTE). The flow diagram of echocardiographic examinations is shown in Figure 2 . TEE and TTE were performed immediately before and immediately after cardioversion. Thus, TEE, as currently recommended for cardioversion, was carried out in the coronary care unit with pre-medication (midazolam). If no thrombi were found, intravenous anesthesia was given, cardioversion was carried out, as subsequently described, and TEE and TTE measurements were repeated immediately after cardioversion. TEE and Figure 1 Patient flow through the selection and recruitment process. TTE were also repeated at 2 weeks after cardioversion, if the patient remained in sinus rhythm, and TTE at 4 weeks after cardioversion.
For TEE, commercially available ultrasound systems were used (Philips Sonos 7500, Hewlett-Packard Sonos 2500, and General Electric Vivid 3 and Vivid 7) equipped with 5 MHz multifrequency multiplane phased-array transducers.
LA appendage emptying velocities (LAAEVs) and LA spontaneous echo contrast (LASEC) were assessed by TEE as previously described. 2, 3, 8 LAAEVs were measured using pulsed-wave Doppler echocardiography by placing the sample volume 1 cm into the mouth of the LAA. The LAA was scanned in planes from 0 to 1808 and the optimal angle was used for subsequent analyses. Peak flow velocities were measured at end-diastole and averaged over at least six cardiac cycles in AF and three cardiac cycles in sinus rhythm after cardioversion. LASEC was defined as dynamic intracavitary echoes with a characteristic swirling pattern distinct from white noise artifact. Gain settings were reduced in a stepwise 
Data are expressed as number of patients or mean value + SD, range is given in parentheses. LVEDD, LV end-diastolic diameter; LVESD, LV end-systolic diameter; LVEF, LV ejection fraction. manner to distinguish LASEC from white noise artifact. The degree of LASEC was categorized independently by two experienced observers (G.K., F.P., G.A.) as absent, mild, moderate, or severe as previously described. 18 Differences were resolved by consensus. The physicians who performed and interpreted the echocardiographic studies were blinded for patient treatment and especially for patient assignment into the Irbesartan or the control group.
TTE was performed for assessment of LA diameter, LV dimensions, and LV function. The peak velocities of the A-wave (atrial filling, in sinus rhythm) were also determined using an average of several cardiac cycles.
The echocardiographic studies were recorded on super VHS tape for offline analysis.
Electrical cardioversion
Transthoracic electrical cardioversion was performed after adequate anesthesia with intravenous administration of midazolam and propofol at an energy of 100 to 360 J using standard methods. 19, 20 Statistical analysis A statistical power analysis was performed. The sample size was adequate to evaluate clinical differences 10% achieving 80% statistical power at 0.05 significance level. Data are presented as mean+1 SD. To evaluate differences between groups, the x 2 test or the Fisher exact test were used for dichotomous variables and the t-test or the Mann-Whitney test for continuous variables, as appropriate. Between-groups comparisons for the change of LAAEV and the A-wave were performed using a generalized linear model for repeated measurements. In particular, we had three repeated measurements for LAAEV (before cardioversion, after cardioversion, and at 2 weeks) and for the A-wave (after cardioversion, at 2 weeks, and at 4 weeks) and a grouping variable that characterized patients to the Irbesartan group or the control group. The LAAEV and the A-wave were considered as the dependent outcome and the grouping variable as the fixed-effects-factor. Moreover, the interaction between time points and group was tested.
Due to multiple comparisons, the Bonferroni rule was applied to account for the inflation of Type I error. A P-value of ,0.05 was considered significant. All P-values were derived from two-sided significance tests. Analyses were performed with the software package SPSS version 13.0 (SPSS Inc., Chicago, Ill, USA).
Results
Cardioversion was successful in all cases. Atrial stunning immediately after cardioversion was significantly attenuated in the Irbesartan group. LAAEV prior to cardioversion did not differ in the two groups (28 + 9 cm/s in the Irbesartan group vs. 34 + 15 cm/s in the control group, P ¼ 0.39). The reduction of LAAEV immediately after cardioversion, as an expression of atrial stunning, was significantly less in the Irbesartan group (LAAEV reduction of 9 + 49% from 28 + 9 cm/s before cardioversion to 25 + 13 cm/s immediately afterwards) than in the control group (reduction of 48 + 20% from 34 + 15 cm/s before cardioversion to 16 + 6 cm/s immediately afterwards) (P ¼ 0.048 for the comparison between the change in the Irbesartan group and the change in the control group, Figure 3) .
In the Irbesartan group, LAAEV after cardioversion showed an increase .20% compared with the values prior to cardioversion in four patients (16%), no significant change (+20%) in 10 patients (40%), and a decrease .20% in 11 patients (44%). In contrast, LAAEV in the control group showed a decrease .20% in 23 of the 25 patients (92%) after cardioversion (P , 0.001 compared with the Figure 4 .
Irbesartan group). Characteristic examples of LAAEV changes are depicted in
The frequency of new or increased LASEC immediately after cardioversion, as another expression of atrial stunning, was significantly lower in the Irbesartan group (n ¼ 8, i.e. 32%) than in the control group (n ¼ 16, i.e. 64%, P ¼ 0.046), as depicted in Figure 5 .
There was no difference between the Irbesartan and the control group with regard to blood pressure at the time of the echocardiographic measurements before cardioversion (systolic blood pressure 136 + 17 vs. 134 + 20 mmHg, respectively, P ¼ 0.74; diastolic blood pressure 84 + 13 vs. 85 + 16 mmHg, P ¼ 0.81) and after cardioversion (systolic blood pressure 127 + 18 vs. 123 + 11 mmHg, respectively, P ¼ 0.38; diastolic blood pressure 75 + 11 vs. 72 + 10 mmHg, P ¼ 0.55) There was also no difference between the two groups in the heart rate before (83 + 16 vs. 81 + 16 bpm, P ¼ 0.74) and after cardioversion (71 + 10 vs. 67 + 9 bpm, P ¼ 0.22).
TEE at 2 weeks was not performed in 25 of the 50 patients due to recurrence of AF (n ¼ 20) or patients' unwillingness (n ¼ 5). As expected, LAAEV at 2 weeks was increased compared with values before cardioversion (in the Irbesartan group from 28 + 9 cm/s before cardioversion to 51 + 20 cm/s at 2 weeks; in the control group from 34 + 15 before cardioversion to 43 + 23 cm/s at 2 weeks) (P ¼ 0.38 for the comparison between the increase in the two groups, Figure 3) .
In both groups, the A-wave at 2 and at 4 weeks showed, as expected, an increase compared with values immediately after cardioversion (in the Irbesartan group, from 33+ 16 cm/s immediately after cardioversion to 72 + 27 cm/s at 2 weeks and 70 + 28 cm/s at 4 weeks; in the control group, from 28+9 after cardioversion to 59 + 21 cm/s at 2 weeks and 70 + 30 cm/s at 4 weeks, Figure 6 ) (P ¼ 0.41 for the comparison of the change of the A-wave during the study course between the two groups). There was no difference between the two groups regarding heart rate at the time of the echocardiographic studies at 2 weeks (71 + 21 bpm in the Irbesartan group vs. 69 + 9 bpm in the control group, P ¼ 0.73) and at 4 weeks (62+7 vs. 69 + 10 bpm, respectively, P ¼ 0.093).
In the total population of 50 patients, atrial stunning was not a predictor of AF recurrence: 18 of 23 patients (78%) with AF recurrence within the first 4 weeks after cardioversion showed a decrease of LAAEV .20% immediately after cardioversion vs. 16 of 27 patients (59%) remaining in sinus rhythm at 4 weeks (P ¼ 0.26). AF recurrences occurred mostly in the first 2 weeks after cardioversion (20 of 23 recurrences). The recurrence rate within the first 4 weeks did not differ between the Irbesartan and the control group (12 of 25 patients, i.e. 48%, vs. 11 of 25 patients, i.e. 44%, respectively, P ¼ 0.78).
Discussion
The main finding of the study is that pre-treatment with Irbesartan significantly attenuates atrial stunning in patients undergoing electrical cardioversion for AF. This is important as attenuation of stunning should be expected to result in a reduced risk of thrombus formation and thrombo-embolic events after cardioversion. Thus, ARBs may represent an important pharmacological supplementation in patients prepared for cardioversion.
The exact mechanism of atrial stunning after cardioversion of AF is not clear. Several factors are considered to be involved in its development, such as tachycardia-induced atrial cardiomyopathy, atrial hibernation, and cytosolic calcium alterations with possible interplay of more than one mechanisms. 4, 9 Recent studies emphasize the role of intracellular calcium homeostasis. 8 It is also proposed that the structural remodelling that takes place during AF and which is characterized by progressive structural changes of the atria, resulting in atrial dilation and interstitial fibrosis, 13, 14 might be a potential mechanism leading to atrial stunning, especially with longer duration of the arrhythmia. 8 Previous investigations have reported an increased activity of the atrial angiotensin II system and angiotensin receptor changes in patients with AF. 21, 22 Several studies have demonstrated that angiotensin II contributes to the development of the remodelling in AF; inhibition of RAS can lead to regression of the changes described earlier. Thus, ARBs have been reported to prevent the electrical remodelling in AF, especially in the short-term. 15, 16 This effect is thought to be in part mediated by interference with ion currents, stabilization of electrolyte concentrations, a reduction of calcium overload, and a decrease of atrial stretch. 15, 23 These agents also attenuate the structural remodelling in AF; this is not surprising, as angiotensin II is a stimulator of collagen synthesis and a strong promoter of fibrosis. 16, 17, 24, 25 Inhibition of the remodelling process by blockade of angiotensin could possibly explain the attenuation of atrial stunning observed in our study, although we cannot define the exact mechanism.
The study has several limitations: (i) the design was a nonrandomized clinical trial. However, as already mentioned, the Irbesartan and the control group did not differ regarding patient characteristics such as age, gender, underlying heart disease, duration of AF, LA diameter, LV dimensions, and LV function; (ii) the number of included patients (n ¼ 50) is limited for repeated measurements comparisons; (iii) we used different antiarrhythmic drugs in various dosages. However, the frequency of usage of these drugs did not differ between the Irbesartan and the control group.
We did not perform echocardiographic measurements during follow-up in patients with AF recurrence, as the focus of our investigation was the atrial stunning in patients with successful cardioversion into sinus rhythm. Thus, such measurements during follow-up in patients with AF recurrence would not have been useful for the purpose of the study. Nevertheless, this does not take away the problem of selection bias if the probability of remaining in sinus rhythm is related to treatment with Irbesartan. However, this relation was not present in our study as the recurrence rate of AF during the first 4 weeks was almost identical in the Irbesartan and the control group (48 vs. 44%).
Conclusion
Pre-treatment with Irbesartan significantly attenuates LA stunning after electrical cardioversion of AF. Therefore, ARBs may represent an important pharmacological supplementation in patients being prepared for cardioversion.
